Zinc and copper are essential trace minerals serving a wide range of functions including the structural integrity of cells and a part of many enzymes and other molecules (1) . Zinc plays an important role in the metabolism of protein , nucleic acids and carbohydrates; therefore, it is important for normal growth and develop ment (2) . Copper also plays an essential role in a wide range of cellular activities and is important for growth and reproduction (3) .
Since the first description of human zinc deficiency in 1963 (4), many reports have appeared describing marginal to severe zinc deficiency in infants and children (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . Among these, several reports indicated that overt zinc deficiency occurs in early infancy probably due to an abnormally low zinc concentration in breast milk (8-10, 13, 15, 77, 18) . Also, in the last two decades, many investigators reported cases of copper deficiency during infancy and childhood (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . Therefore, the importance of these minerals in infant nutrition is well recognized.
There are a number of reports concerning zinc and copper concentrations in human milk from various countries and extensive reviews have been published (51, 52) . We have investigated the changes in breast milk zinc and copper concentrations in healthy, well-nourished Japanese lactating women. In this report, we discuss the estimated intakes of these minerals in their infants. In addition, we describe the changes in maternal blood concentrations of zinc and copper during the course of lactation. of lactation increased. The greatest decline was within 14 days after parturition. Zinc levels gradually decreased thereafter until around 84 days of lactation when the decline subsided. Copper concentrations in breast milk also decreased as the stage of lactation progressed, while the decline was not as great as that of zinc as shown in Fig. 2 , Copper concentrations gradually decreased until about the 84th day of lactation and became constant. It should be noted that the individual variations in the concentrations of milk zinc and copper was large particularly in colostrum. A similar pattern of the decreases in both zinc and copper concentra tions in breast milk was observed, when the same subjects were examined two to three times at monthly intervals ( Fig. 3A and B) . Both zinc and copper concentra tions in breast milk at various stages of lactation are summarized in Table 1 .
MATERIALS AND METHODS

Subjects
Immediately after the delivery, maternal plasma zinc concentrations were significantly lower than the literature values of nonpregnant females in childbearing age (2) . These increased rapidly for approximately 40 days after parturition (Fig.  4A) . On the contrary, erythrocyte zinc levels gradually declined throughout the period studied (Fig. 4B) . Copper concentrations in maternal plasma were markedly higher when compared to nonpregnant women at childbearing age who are not taking oral contraceptives (3), and declined rapidly within 2 weeks after delivery . The values continued to decrease until around 3 months of lactation, and main tained a constant level thereafter (Fig. 5 the world (30, (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) . Concentrations of zinc and copper in colostrum were high and rapidly decreased in the first 2 to 3 weeks after parturition and then stabilized in the later days of lactation. It is unknown why the levels of both trace minerals are high in colostrum. There are two possible explanations including: 1) that newborn infants require larger amounts of these minerals relative to the volume of milk intake in their early life as compared to later days; and 2) that the milk-binding protein of these metals changes during the course of lactation. The latter possibility is supported by the findings of Suzuki et al. (49) indicating that the distribution of zinc-bound proteins in human milk drastically changes in the early stage of lactation. It is generally agreed that breast milk is the best food for infants in their early life, and it is believed that the assessment of nutrient requirements in infants can be based on the composition and volume of breast milk from healthy , well-nourished mothers having healthy breast-fed infants with normal growth (54) . We estimated the daily zinc intake through breast milk for infants by calculating the zinc content , amount of milk consumed by infants based on energy intakes (breast milk, 75kcal/ 100ml; energy intake, 100-120kcal/kg of body weight per day), and average body IN 
